Introduction
Bisection of bovine embryos has been applied widely under experimental and commercial conditions and pregnancy rates after nonsurgical transfer of demi-embryos are only about 5-10% lower than those with nonbisected embryos (Williams et al, 1984; Baker and Shea, 1985; Takeda et al, 1986; Gray et al, 1991; Kippax et al, 1991) . However, in pigs, bisection of preimplantation embryos is associated with a significant decrease in viability in vivo (Nagashima et al, 1988; Ash et al, 1989 ; Reichelt and Niemann, 1994 (Nagashima el al, 1988 (Nagashima el al, , 1989 Reichelt and Niemann, 1994) , competition between demiembryos and nonbisected embryos (Ash et al, 1989) , temper¬ ature during the bisection procedure (Stein-Stefani and Holtz, 1994) , as well as experimental day, donor animal, boar, embryo quality, duration of the in vitro culture before bisection and size of the halves after bisection (Niemann and Reichelt, 1993) .
Morulae and blastocysts are appropriate stages to produce identical twin piglets, although with a low efficiency (Reichelt and Niemann, 1994 prevented when the embryo is exposed to species-specific antiserum and the outer cells lyse after exposure to comple¬ ment (Solter and Knowles, 1975) . This technique was refined by using two different fluorochromes: propidium iodide for labelling trophectoderm nuclei and bisbenzimide to identify the nuclei of inner cell mass cells (Handyside and Hunter, 1984) .
The purpose of this study was (i) to identify the percentage of demi-embryos, derived from pig morulae, early blastocysts and blastocysts, having a visible inner cell mass after culture in vitro for 24 h, and (ii) to examine the number and ratio of total cells to inner cell mass cells in the three developmental stages.
Since demi-embryos were cultured in vitro without a zona pellucida, the results were compared with those for zona pellucida-free and zona-enclosed nonbisected embryos. (Fig. 1) . The number of total and inner cell mass cells was significantly lower in demi-embryos of the three morpho¬ logical categories and derived from the three developmental stages compared with intact (control) embryos.
Frequency of the number of inner cell mass nuclei in demi-embryos
The frequency distribution of blue fluorescent nuclei in demi-embryos of the three morphological categories derived from the three developmental stages is shown (Fig. 2) proportion of inner cell mass to the total number of cells among the different categories of blastocyst demi-and intact embryos, with the exception of the differences between category 1 demi-embryos and the other groups (Table 6 ).
Losses of total and inner cell mass cells during the bisection process
The effects of bisection on cell losses in relation to the quality of demi-embryos are shown (Table 7 ). The theoretical percentage of cell losses in demi-embryos attributed to bisection was calculated on the basis of the difference between the mean of total and inner cell mass cells of the zona-free controls and double the mean of total and inner cell mass cells of demi-embryos after 24 h in vitro. According to the theoreti¬ cal calculation, in category 1 demi-embryos derived from early blastocysts and blastocysts, no inner cell mass cells were lost, and these demi-embryos had undergone a 26.5%-33.1% reduction of trophoblastic cells (Table 7) .
Discussion
The present study is the first to describe the frequency of demi-embryos with an inner cell mass; and the ratio of inner cell mass to trophoblastic cells, compared with those in zona pellucida-free and enclosed nonbisected embryos. The differential staining procedure used to identify inner cell mass and trophoblastic cells was successfully used in mouse (Handyside, 1981; Handyside and Hunter, 1984) , pig (Papaioannou and Ebert, 1988; Boerjan and Kronnie, 1993) , frozen-thawed bovine and pig embryos (Iwasaki et al, 1994a,b) and in vitro produced bovine embryos (Iwasaki et al, 1990 (McLaren and Smith, 1977; Handyside, 1978) , and during the fourth cell cycle (Handyside, 1981) (Niemann et al, 1983b (Reichelt and Niemann, 1994) . Similarly, the transfer of zona pellucida-free bovine demi-embryos derived from morulae results in high (73%) pregnancy rates (Seike et al, 1989 
